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ABSTRACT
Background: Probiotic formulations can be single- or multi-strain. Commercially, multi-strain
preparations have been suggested to have improved functionality over single-strain cultures.
Probiotics are often tested as single-strain preparations but may subsequently be commer-
cially formulated as multi-strain products.
Objective: The aim of this study was to determine what happens at the site of action, the
intestine, with probiotics as single- compared to multi-strain preparations. The human
gastrointestinal tract contains a broad mixture of different microbes which may affect the
survival of different probiotics in different ways.
Design: The current study was performed to evaluate, in an in vitro colon simulation, whether
probiotics influence each other’s survival when they are taken as a combination of several
strains (HOWARU Restore; Lactobacillus acidophilus NCFM, Lactobacillus paracasei Lpc-37,
Bifidobacterium lactis Bl-04 and B. lactis Bi-07) compared to the strains as single preparations.
Results: All strains could be detected after the colon simulations and there were no sub-
stantial differences in levels of the same strain when comparing single- and multi-strain
products.
Conclusions: It can be concluded that probiotics do not have an antagonistic effect on each
other’s survival when used in a multi-strain product compared to a single-strain product, at
least within a microbiota in a simulated colonic environment.
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Introduction

Probiotics are defined as ‘live microorganisms
that, when administered in adequate amounts,
confer a health benefit on the host’ [1,2]. The
definition assumes the viability of the microbial
content of each probiotic component in a pro-
duct until consumption. The viability and sur-
vival of microbes in the different environments
that are presented by the probiotic products
and the environments they will encounter dur-
ing manufacture, transportation and storage are
critical in ensuring their effectiveness. The
definition of a probiotic does not stipulate
that probiotics should survive transit through
the gastrointestinal tract, although this is often
assumed. Although probiotics are commonly
selected to withstand low pH and bile acid,
transit through the gastrointestinal tract may
result in a substantial loss of viable organisms.
Physical and chemical barriers, such as low pH,
bile, digestive enzymes and the potential pre-
sence of antimicrobial components from foods,
endogenous microbes and the host may lead to
a loss of viability of the consumed probiotic.

The ability of different probiotics to survive
passage through the gastrointestinal tract has
been demonstrated in complex microbial com-
munities [3–5]. However, the extent to which
the survival of a probiotic strain is influenced
by whether it is formulated as a single-strain or
a multi-strain product has hitherto not been
investigated. In other words, are probiotic
strains antagonistic or even synergistic towards
each other, when combined and in the gastro-
intestinal tract? In the marketplace, especially
when considering dietary supplements, probio-
tics are often formulated as multi-strain pro-
ducts, whereas their survival and efficacy have
often been investigated as single-strain
products.

The aim of the current study was to investigate in
vitro, using a simulated colon model, whether pro-
biotic strains have an agonistic effect upon each other
and whether survival of a given strain differs when it
is used alone or in combination with other probiotics.
An in vitro model of the human colon enables us to
test the survival and growth dynamics of single- and
multi-strain probiotic formulations in a controlled
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and replicable manner, allowing the detection of even
subtle differences.

Materials and methods

Probiotic bacteria

For the in vitro colon simulations, the following
probiotic strains were included: Lactobacillus acido-
philus NCFM (ATCC 700396), Lactobacillus paraca-
sei Lpc-37 (ATCC SD5275), Bifidobacterium
animalis subsp. lactis Bl-04 (ATCC SD5219) and B.
lactis Bi-07 (ATCC SD5220). The strains were
included either as single freeze-dried cultures at a
dose of 2.5 × 109 colony-forming units (cfu), or in a
combination of two strains (L. acidophilus NCFM +
B. lactis Bl-04, 5 × 109 cfu [6]) or as all four strains
combined (HOWARU Restore, 1010 cfu [7]). The
dose of the strains used in the simulations was
similar to the daily doses used in two human inter-
vention studies, of 5 × 109 and 1.7 × 1010 cfu,
respectively [6,7]. Counts of the single strains were
controlled by flow cytometry of the bulk material
[8], and the multi-strain products were composed
accordingly.

Colon simulations

In vitro colon simulations were performed as
described by Mäkivuokko et al. [9], and upper gas-
trointestinal tract digestion has been described by
Mäkeläinen et al. [5]. In short, each simulator unit
consists of four connected glass vessels (V1–V4)
which mimic different compartments of the human
colon from the proximal to the distal part, each
having a different pH and flow rate. At the start of
a simulation, each unit was inoculated with faecal
microbes which form the microbiota of the colonic
model. The faecal microbes, from an apparently
healthy donor, had been suspended with three
parts (w/w) anaerobic synthetic ileal medium
which contains cysteine and resazurin to indicate
sustained anaerobic conditions [9]. The probiotics
(combinations) were added to the synthetic ileal
medium and fed semi-continuously in 3 h cycles to
the colon model for 48 h, during which transition of
fermented fluids and microbes and feeding of fresh
medium occurred. Anaerobiosis was maintained by
flushing the simulator with nitrogen. After simula-
tion, the simulated digesta were collected and bac-
terial DNA was extracted and analysed by
quantitative polymerase chain reaction (qPCR) for
quantification of the probiotic bacteria. As a control,
the synthetic ileal medium without freeze-dried bac-
teria was used.

Extraction and quantification of bacterial DNA

The DNA from the simulation samples was extracted
and purified with an automated MagMAX™ Sample
Preparation System (Life Technologies, Halle,
Belgium), using the MagMAX Nucleic Acid
Isolation Kit. The amount of extracted DNA was
determined with a Qubit® dsDNA HS Assay Kit
(Thermo Fisher Scientific, Vantaa, Finland). To pro-
duce qPCR standards of B. lactis Bi-07, B. lactis Bl-04,
L. acidophilus NCFM and L. paracasei Lpc-37, the
strains were grown in liquid culture overnight, and
subsequently genomic DNA was extracted using the
MagMAX Sample Preparation System. Ten-fold dilu-
tion series of genomic DNA from standard strains
were used to generate standard curves for the qPCR
in quantities ranging from 100 fg to 10 ng (corre-
sponding to 1 × 101 to 7 × 106 copies).

For absolute quantification, qPCR reactions were
performed in a total volume of 25 µl with an ABI-
PRISM 7500 sequencing detection system (Applied
Biosystems, Bridgewater, NJ, USA). The SYBR
Green methodology (Applied Biosystems) was used
for B. lactis Bi-07, B. lactis Bl-04, Lactobacillus spp.
[10] and L. acidophilus, while the TaqMan methodol-
ogy was used for Bifidobacterium spp. [9], L. acido-
philus and L. paracasei [11]. Ten-fold dilution series
(10 pg and 100 fg) of DNA from standard strains
were used for the standard curves. For the determi-
nation of the quantity of genome copies DNA, tripli-
cate samples were used, and the mean quantity
(log10) per gram of faecal wet weight was calculated.

Statistical analysis

Simulations were performed in triplicate, indepen-
dent from each other, with faecal inocula from dif-
ferent donors. Simulations were compared to each
other using Student’s t test. A p-value of 0.05 or less
was considered significant.

Results

All of the probiotic strains were detected at elevated
levels, 1–2 log10 above baseline, in the simulation
samples to which they had been fed, while none of
them could be detected above baseline in the simula-
tions to which they had not been added (Figure 1).

As seen in Figure 1, when Lactobacillus was quan-
tified at genus level, an increase was detected for
simulations with the HOWARU Restore product
(p < 0.01), L. acidophilus NCFM (p = 0.02) and the
combination of L. acidophilus NCFM + B. lactis Bl-04
(p = 0.02). Lactobacillus paracasei Lpc-37 inclusion
was not observed to lead to an increase in lactobacilli
(p > 0.05); this is due to the fact that L. paracasei is
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not a target species for the primers used with the
Lactobacillus spp. detection. When L. acidophilus
was quantified, substantial increases were detected
in the simulations with HOWARU Restore
(p = 0.02), L. acidophilus NCFM (p = 0.02) and L.
acidophilus NCFM + B. lactis Bl-04 (p = 0.02) com-
pared to the control (Figure 1). Similarly, quantifica-
tion of L. paracasei was observed to lead to
substantial increases in simulations with L. paracasei
Lpc-37 (p = 0.03) and HOWARU Restore
(p = 0.0002) compared to the control (Figure 1).
However, quantification of Bifidobacterium spp. was
not associated with any difference in Bifidobacterium
levels in those simulations that contained bifidobac-
teria and the control (p > 0.05) (Figure 1). On the
other hand, quantification of B. lactis Bl-04 was asso-
ciated with increased levels in simulations with
HOWARU Restore, B. lactis Bl-04 and L. acidophilus
NCFM + B. lactis Bl-04 compared to the control
(p < 0.05) (Figure 1). Similarly, quantification of B.
lactis Bi-07 was associated with increased levels in
simulations with HOWARU Restore and B. lactis
Bi-07 compared to the control (p < 0.05) (Figure 1).
However, the assay also indicated an increase in
simulations with products containing B. lactis Bl-04
(p < 0.05) (Figure 1). This indicates that the assay is
not sufficiently strain specific. For all assays, the
detection limit is approximately 5 log10/ml for all
analysed targets (strain, species and genus).

When comparing simulations with single strains
(L. acidophilus NCFM, L. paracasei Lpc-37, B. lactis
Bl-04 and B. lactis Bi-07) with simulations of strain
combination products (HOWARU Restore and L.
acidophilus NCFM + B. lactis Bl-04), it is clear that
the levels of single and combination products were
not different. Lactobacillus acidophilus levels were not

different for L. acidophilus NCFM, HOWARU
Restore and L. acidophilus NCFM + B. lactis Bl-04
simulations (p > 0.05). Similarly, L. paracasei levels
were not different between L. paracasei Lpc-37 and
HOWARU Restore simulations (p > 0.05). Likewise,
B. lactis Bl-04 levels were not different between B.
lactis Bl-04, HOWARU Restore and L. acidophilus
NCFM + B. lactis Bl-04 simulations (p > 0.05), nor
were there differences in B. lactis Bi-07 levels for B.
lactis Bi-07 and HOWARU Restore simulations
(p > 0.05).

In the supplementary material (Figure S1), levels
of the tested genus, species and strain can be seen in
the separate vessels of the respective probiotic (com-
bination) simulations and the control. It can also be
seen that strain levels were similar in the respective
vessels, regardless of whether they were included as
single or multiple strains.

Discussion

The efficacy of probiotics has been assessed in human
intervention trials. The products in such studies may
consist of single or multiple probiotic strains. To
assess the potential interaction between probiotic
strains in a multi-strain product, studies would have
to be performed with additional arms to investigate
single strains and strain combinations. This would be
a highly resource-demanding effort. Here, we deter-
mined whether and what interactions between pro-
biotic strains can be observed, affecting their survival,
in a simulated colonic environment. This does not
answer the question of the efficacy of single- versus
multi-strain probiotics. Nor does it allow the effect of
a particular strain in a probiotic combination to be
isolated. However, it may give an indication of

Figure 1. Microbial quantities presented as mean ± SEM for the pooled vessels (V1–V4) from three separate colon simulations.
The x-axis represents the analysed species or strains, while the quantity is expressed as log10 copies per millilitre. Restore,
HOWARU Restore; NCFM, Lactobacillus acidophilus; Bl-04, Bifidobacterium lactis; Bi-07, B. lactis; Lpc-37, Lactobacillus paracasei.
The control (CTRL) represents the same synthetic ileal medium used for feeding the simulator but without freeze-dried bacteria.
Statistical differences between treatment and control: *p < 0.01, **p = 0.02, ***p < 0.05.
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whether survival is influenced, and if reduced survival
is observed, one could hypothesise that it may also
influence efficacy.

The colon simulator model enables the simulation
of the colonic conditions and especially the micro-
biota. In addition to environmental parameters, e.g.
variations in acidity and substrate limitation, the
strain balance and activities of microorganisms are
determined by interplay between members of the
microbiota, including antagonism, competition for
substrates and symbiosis by cross-feeding [12].

The present study showed that all the included
probiotic strains survived colon simulation. Levels
of the particular strains were significantly higher
than background levels, with the exception of
Bifidobacterium spp., where no change in levels was
observed. This can be explained by the overall pre-
valence of relatively high levels of bifidobacteria in
humans and therefore also in the simulations. The
addition of the probiotic bifidobacteria could not be
detected against the already high background.
Whether strains were administered to the simulators
alone or as part of a multi-strain product was found
not to influence the detected levels.

Co-feeding of several strains showed that all
strains were detected after the colon simulations and
there were no substantial differences in levels when
comparing single- and multi-strain products. Thus, it
can be concluded that the tested strains have neither
an antagonistic nor a synergistic effect upon quantity,
even though they are present in mixed populations, at
least under the in vitro simulation conditions tested
here.
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